To investigate whether Epstein-Barr virus (EBV) type 2 infection is highly prevalent among homosexual men, the prevalence of EBV type 2 was studied among homosexual and heterosexual white men who were at high and low risk for sexually transmitted diseases; these data were correlated with sexual behavior. The prevalence of EBV type 2 among homosexual men was significantly higher than it was among heterosexual men (39% vs. 6%). Among high-risk heterosexual men, prevalence was significantly higher than it was among low-risk heterosexual men (15% vs. 0). In univariate analyses, EBV type 2 infection in homosexual men was significantly associated with human immunodeficiency virus (HIV) seropositivity, increased numbers of intercourse partners, non-Dutch nationality, and human herpesvirus 8 seropositivity. In multivariate analyses, an independent association with EBV type 2 was observed only for HIV seropositivity and number of sex partners. These data support the conclusion that EBV type 2 infection is more prevalent among white homosexual men and is caused by sexual transmission.
Epstein-Barr virus (EBV), a g-herpesvirus, causes widespread, persistent infection of the human population [1] . Two EBV types exist, 1 and 2, which differ in the genes encoding transformation-associated EBV nuclear antigen (EBNA)-2 [2, 3] and EBNA-3A, -3B, and -3C [4] and, therefore, display distinct biologic differences. Both virus types can be transmitted orally and infect B lymphocytes in vivo. In addition, EBV can be transmitted via a hematogenous route, through sexual contact.
In healthy persons, it has been shown that only a single EBV strain is present in peripheral blood B lymphocytes [5] . Type 1 strains are more prevalent in white and Asian populations, whereas both types are common in Africa and New Guinea. However, within the white population, human immunodeficiency virus (HIV) type 1-infected persons are exceptional with regard to their EBV status; they frequently are infected with EBV type 2, and a high percentage of AIDS patients is super-infected with types 1 and 2 [6] . This has been ascribed to immunodeficiency.
Interestingly, among HIV-infected patients with hemophilia, the prevalence of EBV type 2 (super)infection was found to be much lower than that among HIV-infected homosexual men [7] , which suggests that HIV-induced immunosuppression is not the principal explanation for EBV superinfection. Recently, we used a type-specific polymerase chain reaction (PCR) directly on peripheral blood mononuclear cells (PBMC) to study EBV type prevalence in different groups of HIV-1-infected persons [8] , including those progressing to AIDS who developed nonHodgkin's lymphoma, opportunistic infections, or Kaposi's sarcoma (AIDS-KS), as well as long-term asymptomatic persons. We found high prevalence of EBV type 2 in all groups (50%-62%). However, infection with EBV type 2 was not related to the degree of immunodeficiency and frequently was already found early in HIV-1 infection. Therefore, these results might be a reflection of high EBV type 2 prevalence among homosexual men. In addition, our finding that patients with AIDS-KS, in particular, had a high prevalence of EBV type 2 infection suggested that type 2 infections might be associated with specific sexual behavior, because the Kaposi's sarcomainducing human herpesvirus 8 (HHV-8) has been shown to be sexually transmitted, probably by orogenital contact [9, 10] . To further test this hypothesis, we extended the EBV type analysis to groups of HIV-1-seronegative homosexual and heterosexual ) . P ! .001 men and correlated the results with more-detailed data on sexual behavior.
Materials and Methods
Study population. We analyzed blood samples from 85 HIV-1-seropositive homosexual men and 113 HIV-1-seronegative homosexual men who all were participants of the Amsterdam Cohort studies on AIDS and HIV-1 infection. These persons at risk for HIV-1 infection visited the Municipal Health Services every 3 months, when a medical history and physical examination were carried out, blood samples were collected for HIV-1 serologic and immunologic studies, and PBMC were cryopreserved. At entry and every 6 months, participants completed a standardized behavioral questionnaire.
Furthermore, we studied blood samples from 108 healthy blood bank donors, 54 men and 54 women ("low-risk heterosexuals"), as well as 60 randomly selected heterosexual men who visited the Amsterdam outpatient clinic for sexually transmitted diseases ("high-risk heterosexuals"). The median age was 39 years (range, 21-66 years) and did not differ between groups.
Lymphocyte isolation and B cell lines. PBMC were isolated from heparinized blood by ficoll-hypaque density centrifugation. B cells were purified by positive selection by use of CD19 microbeads and MiniMacs (Milteny Biotec, Bergisch Gladbach, Germany) according to the protocol described by the manufacturer.
The B95.8 and Ag876 cell lines were used as sources of EBV type 1 and EBV type 2, respectively. The EBV-negative B cell line BJAB was used as a negative control.
DNA extraction and PCR for EBV typing. B cells were lysed by addition of L6 lysis buffer. Genomic DNA was extracted by precipitation with isopropanol, and 1-2 mg was amplified in a nested PCR in 50-mL reactions containing 5 mL of 10ϫ PCR buffer, 1.5 mM MgCl 2 , 10 mM dNTPs, and 1 U of DNA Taq polymerase, as described elsewhere [8] , with the use of non-type-discriminating EBNA-2 primers in the first reaction. The region within the EBNA-2 gene that discriminates EBV type 1 from EBV type 2 was amplified with type-specific nested primers. After PCR, the identity of the amplified EBV fragment was confirmed by Southern blot analysis with g 32 P(dATP)-labeled type-specific probes. The assay was shown to be type specific and could detect as few as 5 EBV copies/10 4 EBV-negative human diploid genomes or genomes containing the other EBV type.
HHV-8 serology. Serum samples were tested for antibodies to recombinant HHV-8 lytic-phase capsid (open-reading frame [ORF] 65) antigen and latency-associated nuclear (ORF73) antigen by EIA, as described elsewhere [11] .
Statistical analysis. For comparison of EBV type 2 prevalence between homosexual and high-and low-risk heterosexual men, x 2 tests were used. Among homosexual men, we assessed risk factors for EBV type 2 infection. Several demographic and sexually related variables were examined. Because the number of sex partners is the number during the 5 years that preceded study entry through the date of EBV typing and, thus, depends on the time the participant was in follow-up, we represented this variable as the number of sex partners corrected for time since follow-up. Logistic regression was used to obtain univariate and multivariate odds ratios and 95% confidence intervals, to quantify variation in estimates.
Multivariate analyses were done with a stepwise forward procedure (SPSS, version 7.5, for Windows; SPSS, Chicago). ative heterosexual men by means of a type-specific nested PCR assay that could detect as few as 5 EBV copies/10 4 human diploid genomes. Within these groups, EBV sequences could be detected in 97% ( ), 80% ( ), and 82% ( ) of n = 81 n = 90 n = 93 the subjects, respectively. As shown in figure 1A , the proportion of total EBV type 2 infection (type 2 and dual infection with type 1) was significantly lower among HIV-negative homosexual men (39%) than it was among HIV-positive homosexual men (67%;
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). In addition, EBV type 2 prevalence in the P ! .001 total group of HIV-negative heterosexual men was 6%, significantly lower than that among HIV-negative homosexual men ( ) .
As shown in figure 1B , none of the heterosexual men who were at low risk for sexually transmitted diseases ( ) were n = 53 infected with EBV type 2. The same result was obtained for 54 HIV-negative heterosexual women who were at low risk (data not shown). In contrast, within the group of heterosexual men who were at high risk for sexually transmitted diseases (n = ), 10% harbored EBV type 2 only and an additional 5% had 40 a dual infection. The EBV type 2 prevalence among high-risk heterosexual men (15%) was significantly higher than that among low-risk heterosexual men (0%;
). P ! .001 EBV-2 infection in homosexual men in relation to sexual behavior. Data on sexual behavior and HHV-8 serologic studies were available for the 171 homosexual men (table 1) . Subjects who harbored an EBV type 2 strain ( ) were compared n = 88 with those without EBV type 2 infection ( ). Univariate n = 83 analysis showed that EBV type 2 prevalence increased with the number of sex partners. Also, HIV-seropositive men, HHV-8-seropositive men, and men with non-Dutch nationality had a higher prevalence of EBV type 2 infection. No association was found with specific sexual techniques, although there was a borderline significant trend toward higher EBV type 2 prevalence with higher numbers of partners engaging in oroanal sex (active, receptive, or both).
In multivariate analysis, EBV type 2 infection was statistically significantly associated with HIV infection and the number of sex partners. Homosexual men with 1500 sex partners had a nearly 10 times greater risk of being infected with EBV type 2 than did men with !100 sex partners. HIV-infected homosexual men had an almost 4 times greater risk of having an EBV type 2 infection (table 1) .
Discussion
Until now, analysis of EBV strains in B lymphoblastoid cell lines has shown that 1%-3 % of healthy white EBV carriers in Europe harbor a type 2 strain [6] . To our knowledge, this is the first study in which EBV type prevalence was investigated among white homosexual men and was compared with that among heterosexual individuals by use of direct EBV type analysis of peripheral blood B lymphocytes. We observed a high prevalence of EBV type 2 infection among homosexual men, compared with that among heterosexual men, and obtained evidence that EBV type 2 is sexually transmitted, at least among homosexual men.
Our study provides evidence that, in western Europe, EBV type 2 is transmitted by sexual contact. First, among homosexual men, we found a significant association between EBV type 2 infection and a higher number of partners. This high EBV type 2 prevalence could not be attributed to a specific sexual technique, although there was a trend in the number of partners with whom oroanal sex was practiced. Second, HIVpositive homosexual men have higher EBV type 2 prevalence than do HIV-negative homosexual men. This was not due to the degree of immunodeficiency, as shown in our previous study [8] . A more likely explanation may be that HIV-positive persons tend to have sex with HIV-seroconcordant persons, leading to more EBV type 2 exposure for those who are HIV-positive. This also has been suggested as an explanation for HHV-8 prevalence [10] .
Third, EBV type 2 prevalence among high-risk heterosexual men was significantly higher than that among low-risk heterosexual men, suggesting that EBV type 2 infection also is related to sexual behavior in heterosexual contacts.
Interestingly, EBV type 2-infected homosexual men had a higher prevalence of HHV-8 infection than did EBV-1-infected homosexual men, in the univariate analysis. Because HHV-8 prevalence also increases with an increase in the number of sex partners, this suggests that EBV type 2 may resemble HHV-8 in its mode of sexual transmission [9, 10] .
The fact that EBV type 2 prevalence among HIV-negative homosexual men is higher than that among HIV-negative heterosexual men probably was not caused by differences in EBV load (recent data in our laboratory show no difference in EBV load between persons infected with type 1 or type 2) and supports the recently proposed idea that EBV type 2 infection is endemic among white homosexual men [7] . This could be explained by the fact that EBV type 2 has been introduced into this community by sexual contacts with persons from areas where EBV type 2 is endemic and is further transmitted by multiple sexual contacts.
Sexual transmission of EBV is quite likely, because EBV is shed from many mucosal sites, including both female and male genital tracts [12] . One group reported that, among homosexual men, a higher percentage shed virus from the genital tract (50%) than from the oropharynx (25%) [13] . In addition, EBV has been detected in the anal region of sexually active homosexual men [14] . The fact that EBV type 2 is difficult to contract, despite the high prevalence among homosexual men, argues against kissing as the main route of transmission, and sexual transmission is likely in this study group. In parts of Africa, where EBV type 2 prevalence is high among the adult population, as well as among children with Burkitt's lymphoma, EBV type 2 probably is acquired by oral transmission during childhood.
The fact that homosexual men with 1500 partners had a nearly 10-fold-greater risk of EBV type 2 infection, whereas this infection was only moderately increased in homosexual men with 100-400 sex partners, indicates that EBV type 2 is not easily transmitted and, therefore, requires high exposure. Although the mechanism of this relatively poor efficiency of transmission of EBV type 2 remains to be established, it may explain why EBV type 2 infection is highly prevalent among persons with multiple sex partners and virtually is not found among the general white population.
